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(57) When a handover standby thresholdfalls below 
a received power of perch channel from a base station 
150-1 of a communication partner, a mobile station 110 
sends a handover standby operation request to a base 
station control apparatus 130, and notifies of history of 
movement of itself and receives powers of perch chan- 
nels from base stations 150-2 - 150-4 surrounding the 
communication partner (mobile station information). 
The base station control apparatus 1 30 compares the 
mobile station information with history of mobile station 
information so that a handover destination candidate 
base station is selected and sent to the mobile station 
110. The mobile station 110 switches the communica- 
tion partner to the handover destination candidate base 
station when received power of the perch channel from 
the base station 150-1 falls below a handoverthreshold. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention relates to a handover 
control method, a mobile station and a communication 
control apparatus used for the handover control method 
in a mobile communication system including a commu- 
nication apparatus having a function of a base station, 
the mobile station and the communication control appa- 
ratus which controls connection of communication 
channels between the communication apparatus and 
the mobile station. 

2. Description of the Related Art 

[0002] In a conventional mobile communication sys- 
tem, the mobile station always receives perch channels 
from a base station which is a communication apparatus 
with which the mobile station communicates (base sta- 
tion which is a transmit/receive partner of user data, 
such base station will be called a communication part- 
ner) and base stations surrounding the base station of 
the communication partner, and measures received 
powers of the perch channels. Then, when a received 
power of a perch channel from a surrounding base sta- 
tion is larger than a received power of the base station 
of the communication partner by more than a predeter- 
mined value, the mobile station performs handover to 
the surrounding base station according to control by a 
base station control apparatus which is a communica- 
tion control apparatus which controls communication 
channels between the mobile station and the base sta- 
tion. As a result, the connection destination is switched. 
This handover operation is called hard handover. 
[0003] In a mobile communication system using code- 
division multiple access (CDMA), the mobile station can 
connect to a plurality of base stations simultaneously. 
Thus, being controlled by the base station control appa- 
ratus, the mobile station releases connection to a base 
station which is originally connected after establishing 
connection to a base station of a handover destination. 
This handover operation is called soft handover. How- 
ever, the soft handover is performed in the same way 
as the hard handover. That is, in the soft handover, the 
mobile station measures received powers of perch 
channels sent from the base stations of the communi- 
cation partner and the surrounding base stations. Then, 
when a received power of a perch channel from a sur- 
rounding base station is larger than a received power of 
the base station of the communication partner by more 
than a predetermined value, the mobile station performs 
handover to the surrounding base station controlled a 
base station control apparatus which is a communica- 
tion control apparatus which controls communication 
channels between the mobile station and the base sta- 



tion so that the connection destination is switched. How- 
ever, according to the above-mentioned conventional 
method, handover is always performed when the re- 
ceived power of the perch channel from the surrounding 
base station is larger by more than the predetermined 
value, even when the received power of the perch chan- 
nel from the base station of the communication partner 
is large enough, that is, even when handover is unnec- 
essary. Therefore, the conventional method is not nec- 
essarily a good method from the view point of efficient 
use of wireless resources. In addition, there is a problem 
in that large load is imposed to the base station control 
apparatus which controls the handover and the mobile 
station. 

[0004] In addition, according to the conventional 
method, the wireless resource of the base station of the 
handover destination is not considered at all. Therefore, 
when a request of handover is sent to a base station, 
there is a case in which the request is rejected due to 
lack of wireless resource so that communication is dis- 
connected forcefully. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
a handover control method, a mobile station and a com- 
munication control apparatus in which unnecessary 
handover operation is suppressed and success rate of 
handover is improved. 

[0006] The above object is achieved by a handover 
control method used in a mobile communication system 
which includes communication apparatuses having 
functions of base stations, a mobile station and a com- 
munication control apparatus which controls connec- 
tions between the communication apparatuses and the 
mobile station, the handover control method including 
the steps of: 

the mobile station switching a communication ap- 
paratus of a communication partner to another com- 
munication apparatus when a communication qual- 
ity value between the communication apparatus of 
the communication partner and the mobile station 
falls below a first threshold which is better than a 
limitation value by which communication is availa- 
ble; 

wherein the communication control apparatus se- 
lects at least a handover destination candidate 
communication apparatus from among communi- 
cation apparatuses surrounding the communication 
apparatus of the communication partner when the 
communication quality value falls below a second 
threshold which is better than the first threshold; 
and 

the communication control apparatus keeps wire- 
less resources of the at least a handover destination 
candidate communication apparatus which is se- 
lected. 
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[0007] According to the handover control method, 
handover operation is not performed in the mobile sta- 
tion even when the received power of the perch channel 
from the communication apparatus of the communica- 
tion partner falls below a received power from a com- 
munication apparatus surrounding the communication 
partner as long as the received power does not reach 
limitation by which communication is available. Thus, 
according to the present invention , it does not occur that 
handover is performed since the received power from 
the surrounding base station is larger than a predeter- 
mined value even when the received power of the perch 
channel from the base station is large enough. Thus, 
unnecessary handover can be suppressed so that wire- 
less resources can be used efficiently, and load of the 
mobile station and the base station control apparatus 
which controls handover can be decreased. 
[0008] When the base station forms a cell as a com- 
munication area, the communication apparatus means 
the base station itself. On the other hand, when the base 
station forms sectors to which the cell is divided, the 
communication apparatus means an apparatus which 
includes at least a directional antenna in a plurality of 
directional antennas provided in the base station for 
forming the sectors and which communicates with the 
mobile station. 

[0009] In addition, according to the invention, since 
the wireless resources of the communication apparatus 
of the handover destination can be kept before hando- 
ver is performed, it can be avoided that the communi- 
cation apparatus rejects handover so that communica- 
tion is disconnected forcefully. Thus, success ratio of 
handover can be increased. 

[001 0] The handover control method may include the 
steps of: 

the communication control apparatus notifying the 
mobile station of a handover destination candidate 
communication apparatus for which wireless re- 
sources are kept in the at least a handover destina- 
tion candidate communication apparatus; and 
the mobile station switching the communication ap- 
paratus of the communication partner to the hando- 
ver destination candidate communication appara- 
tus which is notified by the communication control 
apparatus when the communication quality value 
falls below the first threshold. 

[0011] In addition, the handover control method may 
include the steps of: 

the mobile station judging whether the communica- 
tion quality value falls below the second threshold, 
and sending a request for selecting the at least a 
handover destination candidate communication ap- 
paratus to the communication control apparatus 
when the communication quality value falls below 
the second threshold. 
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[0012] According to the invention, since the mobile 
station judges whether the communication quality value 
falls below the second threshold, it is not necessary for 
the communication control, apparatus to perform such 
5 judgment. Thus, load of the communication control ap- 
paratus can be further decreased. 
[001 3] The handover control method may include the 
steps of: 

when the communication control apparatus selects 
a plurality of handover destination candidate com- 
munication apparatuses, the communication con- 
trol apparatus determining priorities of the plurality 
of handover destination candidate communication 
apparatuses; 

the communication control apparatus notifying the 
mobile station of handover destination candidate 
communication apparatuses in the plurality of 
handover destination candidate communication ap- 
paratuses for which wireless resources are kept 
and corresponding priorities; 
the mobile station switching the communication ap- 
paratus of the communication partner to one of the 
notified handover destination candidate communi- 
cation apparatuses according to the priorities. 

[0014] According to the handover control method, 
since a plurality of handover destination candidate com- 
munication apparatuses are selected, even when a re- 
quest for handover for a communication apparatus is re- 
jected, other communication apparatus can be used for 
the handover destination. Thus, success ratio of hando- 
ver can be further improved. In addition, by assigning 
priorities for the selected handover destination candi- 
date communication apparatuses, the handover desti- 
nation can be properly selected. 
[0015] From the viewpoint of properly selecting the 
handover destination candidate communication appa- 
ratus on the basis of results of past handover and im- 
proving success ratio of handover, the handover control 
method may include the steps of: 

the mobile station sending mobile station informa- 
tion to the communication control apparatus, the 
mobile station information including a history of 
movement of the mobile station and received pow- 
ers of perch channels from communication appara- 
tuses surrounding the communication apparatus of 
the communication partner; 
the communication control apparatus having a his- 
tory of mobile station information, the history of mo- 
bile station information including a history of move- 
ment of the mobile station and received powers of 
perch channels from communication apparatuses 
surrounding the communication apparatus of the 
communication partner for past successful hando- 
ver; and 

the communication control apparatus selecting the 



EP 1 229 754 A1 



15 



20 



25 



30 



35 



40 



45 



50 



3 



EP 1 229 754 A1 



at least a handover destination candidate commu- 
nication apparatus according to the mobile station 
information sent from the mobile station and the his- 
tory of mobile station information for past successful 
handover. 5 

[0016] From the viewpoint of property assigning prior- 
ities of the selected handover destination candidate 
communication apparatuses on the basis of results of 
past handover so that success ratio of handover is im- 10 
proved, the handover control method may include the 
steps of: 

when the communication control apparatus selects 
a plurality of handover destination candidate com- *5 
munication apparatuses, the communication con- 
trol apparatus determining priorities of the plurality 
of handover destination candidate communication 
apparatuses according to the mobile station infor- 
mation sent from the mobile station and the history 20 
of mobile station information for past successful 
handover. 

[0017] In addition, the handover control method may 
include the steps of: 25 

the communication control apparatus holding the 
history of mobile station information for all commu- 
nication apparatuses controlled by the communica- 
tion control apparatus. 30 

[0018] From the viewpoint of holding the history of 
mobile station information at times when handover was 
succeeded in the past such that it becomes easy to se- 
lect the handover destination communication appara- 35 
tus, the handover control method may include the steps 
of: 

the communication control apparatus holding the 
history of mobile station information by each com- <o 
bination of a communication apparatus of handover 
origination and a communication apparatus of 
handover destination. 

[0019] From the viewpoint of properly selecting the 45 
handover destination candidate communication appa- 
ratus and improving success ratio of handover, the 
handover control method may include the steps of: 

the communication control apparatus selecting a so 
communication apparatus of handover destination 
corresponding to history data in the history of mo- 
bile station information in which a correlation value 
between the history data and the mobile station in- 
formation sent from the mobile station is equal to or ss 
larger than a predetermined value. 

[0020] From the viewpoint of properly assigning prior- 



ities of the selected handover destination candidate 
communication apparatuses on the basis of results of 
past handover so that success ratio of handover is im- 
proved, the handover control method may include the 
steps of: 

when the communication control apparatus selects 
a plurality of handover destination candidate com- 
munication apparatuses, the communication con- 
trol apparatus determining priorities of the plurality 
of handover destination candidate communication 
apparatuses according to the correlation value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 

Fig.1 shows a block diagram of a mobile communi- 
cation system; 

Fig.2 shows a configuration example of a mobile 
station; 

Fig.3 shows a configuration example of a base sta- 
tion control apparatus; 

Fig.4 shows an example of a history of mobile sta- 
tion information; 

Fig. 5 is a flowchart indicating the operation of the 
mobile communication system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] In the following, embodiments of the present 
invention will be described with reference to figures. Fig. 
1 shows a block diagram of a mobile communication 
system to which the handover control method of the 
present invention is applied. 

[0023] The mobile communication system 1 00 shown 
in the figure includes a mobile station 110, a mobile sta- 
tion control apparatus 130 which is a communication 
control apparatus, base stations 150 (150-1 - 150-4) 
each of which is a communication apparatus controlled 
by the base station control apparatus 130 and a switch 
160. 

[0024] In the mobile communication system 100, 
each base station forms a cell which is a communication 
area. The mobile station 110 is positioned in a cell 
formed by the base station 150-1 , and transmits and re- 
ceives user data such as voice data to/from the base 
station 150-1 of a communication partner. In addition, 
the mobile station receives perch channels from the 
base stations 150-2 - 150-4 surrounding the base sta- 
tion 150-1 . The base station control apparatus 130 se- 
lects a candidate base station for a handover destination 
from the base stations 1 50-2 - 1 50-4 and reserves wire- 
less resources of the selected base station when re- 
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ceived power of the perch channel from the base station 
1 50* 1 falls below a threshold (handover standby thresh- 
old) which is a better value than a limitation value by 
which communication is available. Then, the mobile sta- 
tion 1 1 0 switches a communication partner to the base 5 
station selected by the base station control apparatus 
1 30 when the received power of the perch channel from 
the base station 150-1 falls below a handover threshold 
(handover threshold < handover standby threshold) 
which is a better value than a limitation value by which 
communication is available. 

[0025] Fig. 2 shows a configuration example of the 
mobile station 110. The mobile station 1 1 0 shown in Fig. 
2 includes a transmit/receive control part 1 1 1 , a commu- 
nication quality measuring part 1 1 2, a handover standby 
operation control part 113, a perch channel received 
power measuring part 119, a handover destination can- 
didate base station detection part 120 and a handover 
operation control part 121. The handover standby oper- 
ation control part 113 includes a handover standby op- 
eration request part 114, a timer 115, a moved history 
notification part 116, a memory 117 and a handover re- 
quest part 118. 

[0026] A communication quality measuring part 112 
receives a perch channel from the base station 1 50-1 of 
the commun ication partner via the transmit/receive con- 
trol part 111, and measures the received power. The 
handover standby operation control part 1 1 4 determines 
whether the received power of the perch channel from 
the base station 150-1 falls below the handover standby 
threshold on the basis of the result of the measurement 
of the communication quality measuring part 1 1 2. When 
the received power falls below the handover standby 
threshold, the handover standby operation request part 
1 1 4 sends a handover standby operation request to the 
base station control apparatus 130, and activates the 
timer 115, the moved history notification part 116 and 
the perch channel received power measuring part 119. 
[0027] The moved history notification part 1 1 6 is acti- 
vated by the handover standby operation request part 
1 1 4, and reads a moved history of the mobile station 1 1 0 
from the memory 117. The moved history is formed, for 
example, by a history (handover history) of base sta- 
tions which have become a communication partner after 
the current communication started, or a history of cells 
formed by each base station in which the mobile station 
has resides. The moved history read from the memory 
1 1 7 is sent to the base station control apparatus 1 30 via 
the transmit/receive control part 111 . 
[0028] The perch channel received power measuring 
part 1 1 9 is activated by the handover standby operation 
request part 114, and, then, receives perch channels of 
the base stations 150-2 - 150-4 surrounding the base 
station 150-1 of the communication partner a plurality of 
times via the transmit/receive control part 111, and 
measures the received powers. The measurement re- 
sult of received powers of the perch channels from the 
base stations 150-2 - 150-4 is sent to the base station 



control apparatus 130 via the transmit/receive control 
part 111. 

[0029] The base station control apparatus 1 30 selects 
at least a handover destination candidate base station 
from the base stations 150-2 - 150-4 according to the 
moved history sent from the mobile station 110 and the 
measurement result of the received powers of the perch 
channels from the base stations 150-2 - 150-4. In addi- 
tion, the base station control apparatus 130 assigns pri- 
orities to the base stations and sends the selection result 
of the handover destination candidate base stations and 
the proprieties to the mobile station 110. The detailed 
process of the base station control apparatus 130 will 
be described later. 

[0030] The handover destination candidate base sta- 
tion detection part 1 20 detects the selection result of the 
handover destination candidate base stations and the 
priorities from the base station control apparatus 130, 
and sends them to the handover operation control part 
121. 

[0031] The commination quality measurement part 
112 continues to measure the received power of the 
perch channel from the basestation 150-1 of the com- 
munication partner. After the handover operation control 
part 121 receives the selection result of the handover 
destination candidate base station and the priorities 
from the base station control apparatus 130, the hando- 
ver operation control part 121 selects a handover des- 
tination from the selected handover destination candi- 
date base stations to start the handover operation when 
the received power of the perch channel from the base 
station 150-1 of the communication partner falls below 
the handover threshold by the time when the timer 1 1 5 
expires. 

[0032] More concretely, the handover operation con- 
trol part 121 determines whether the received power of 
the perch channel from each handover destination can- 
didate base station is larger than the handover thresh- 
old. 

[0033] Next, the handover operation control part 121 
tries to perform handover to at least a handover desti- 
nation candidate base station having the received pow- 
er which is largerthan the handover threshold in the or- 
der of priority so as to switch the communication partner. 
When every received power of the perch channels from 
the handover destination candidate base stations in- 
cluded in the selection result is below the handover 
threshold, the handover operation control part 121 does 
not perform handover, or, performs handover to a 
handover destination candidate base station in which 
the received power of the perch channel is the largest 
for switching the communication partner. 
[0034] On the other hand, when one of following two 
cases occurs, the handover operation control part 121 
performs handover to a handover destination candidate 
base station having the highest received power so that 
the communication partner is switched. One case is that 
the handover operation control part 121 does not re- 
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ceive the selection result of the handover destination 
candidate base stations and the priorities from the base 
station control apparatus 13 by the time when the re- 
ceived power of the perch channel from the base station 
150-1 of the communication partner falls below the 
handover threshold value. Another case is that no base 
station is selected as the handover destination candi- 
date base station even when the received power of the 
perch channel from the base station 150-1 of the com- 
munication partner falls below the handover threshold 
by the time of expiration of the timer 1 1 5 after the selec- 
tion result of the handover destination candidate base 
station and the priorities from the base station control 
apparatus 130 are received. 

[0035] In addition, the handover operation control part 
121 does not perform handover operation when the re- 
ceived power of the perch channel from the base station 
150-1 of the communication partner does not fall below 
the handover threshold by the time of the expiration of 
the timer 115. 

[0036] The handover request part 1 1 8 sends a hando- 
ver request to the base station control apparatus 130 
via the transmit/receive control part 111 when the re- 
ceived power of the perch channel from the base station 
150-1 of the communication partner further decreases 
so that the received power falls below the handover 
threshold by the time of expiration of the timer 1 1 5, This 
handover request includes information by which a base 
station to which the handover operation control part 1 21 
tries handover is specified, that is, information by which 
a base station of the handover destination is specified. 
The base station control apparatus 130 performs pre- 
determined control for handover according to this 
handover request. 

[0037] Fig.3 shows a configuration example of the 
base station control apparatus 130. The base station 
control apparatus 130 includes a receive/transmit con- 
trol part 131 , a handover standby operation request de- 
tection part 132, a handover standby operation control 
part 1 33, a timer 1 38, a wireless resource management 
part 139, a handover request detection part 140 and a 
handover control part 141 . Among these, the handover 
standby operation control part 133 includes a moved 
history detection part 134, a perch channel measure- 
ment detection part 135, a handover destination candi- 
date selection part 136 and a memory 137. 
[0038] When the handover standby operation request 
detection part 132 receives a handover standby opera- 
tion request from the handover standby operation re- 
quest part 114 in the mobile station 110, the handover 
standby operation request detection part 132 activates 
the handover standby operation control part 1 33 and the 
timer 138. 

[0039] The moved history detection part 134 in the 
handover standby operation control part 133 detects a 
moved history (handover history or area residing histo- 
ry) of the mobile station 110 which is sent from the 
moved history notification part 116 in the mobile station 



110. The perch channel measurement result detection 
part 1 35 detects the measurement result of the received 
powers of the perch channels from the base stations 
150-2 - 150-4 sent from the perch channel received 
5 power measurement part in the mobile station 1 1 0. 
[0040] The handover destination candidate selection 
part 136 selects at least a handover destination candi- 
date base station and assigns priorities to the handover 
destination candidate base stations by comparing mo- 
bile station information with a history of mobile station 
information of past successful handover stored in the 
memory 137, in which the mobile station information in- 
cludes moved history of the mobile station 110 detected 
by the moved history detection part 1 34 and received 
powers of perch channels from the base stations 150-2 
- 1 50-4 detected by the perch channel measurement re- 
sult detection part 136. 

[0041] Fig.4 shows an example of the history of the 
mobile station information of the past successful hando- 
ver stored in the memory 1 37. The history shown in Fig. 
4 is a history of mobile station information of past suc- 
cessful handover for every base station controlled by the 
base station control apparatus 130. in addition, each 
history data of the mobile station information corre- 
sponds to a combination of a base station of handover 
origination and a base station of handover destination. 
Each data of the mobile station information history Xmn 
indicates moved history and an average value of re- 
ceived powers of the perch channels when the mobile 
station handed over from the base station m of handover 
origination to the base station n of the handover desti- 
nation. 

[0042] The handover destination candidate selection 
part 136 extracts histories indicating the base station 
150-1 as a base station of handover origination among 
the histories of the mobile station information stored in 
the memory 137. Next, the handover destination candi- 
date selection part 1 36 correlates between each extract- 
ed history data of mobile station information and the mo- 
bile station information from the mobile station 110. 
Then, the handover destination candidate selection part 
136 selects, as the handover destination candidate 
base station, a base station of handover destination cor- 
responding to a history of the mobile station information 
in which the correlation value with the mobile station in- 
formation from the mobile station 1 1 0 is equal to or more 
than a predetermined threshold value. 
[0043] In addition, when the handover destination 
candidate selection part 1 36 selects a plurality of hando- 
ver destination candidate base stations, the handover 
destination candidate selection part 1 36 determines the 
priorities in the decreasing order of correlation value. 
When there is no mobile station information history in 
which the correlation value is equal to or more than the 
predetermined threshold, the handover destination can- 
didate selection part 136 outputs a selection result indi- 
cating there is no handover destination candidate base 
station. 
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[0044] The wireless resource management part 139 
keeps wireless resource in the handover destination 
candidate base station selected by the handover desti- 
nation candidate selection part 136. Next, the wireless 
resource management part 136 notifies the mobile sta- 
tion of the handover destination candidate base station 
in which wireless resource is kept via the transmit/re- 
ceive control part 131. When it fails to keep wireless re- 
sources for every handover destination candidate base 
station, or, when a selection result indicating that there 
is no handover destination candidate base station is ob- 
tained by the handover destination candidate selection 
part 136, the wireless resource management part 136 
notifies the mobile station 110 of it. 
[0045] As mentioned above, when the received power 
of the perch channel from the base station 150-1 falls 
below the handover threshold, the mobile station 110 
sends a handover request to the base station control 
apparatus 1 30. Then, the base station control apparatus 
130 selects the handover destination according to the 
notification and starts handover operation. 
[0046] The handover request detection part 140 re- 
ceives the handover request from the mobile station 
110, and outputs the handover request to the handover 
control part 141. When the handover control part 141 
receives the handover request by the time of expiration 
of the timer 138, the handover control part 141 recog- 
nizes a base station of the handover destination on the 
basis of information for specifying the base station of the 
handover destination included in the handover request 
so that it performs predetermined control for handover. 
On the other hand, the handover control part 141 ends 
the operations when the handover request is not re- 
ceived by the time of the expiration of the timer 1 38. 
[0047] When the handover request is input to the 
handover control part 141 by the time of the expiration 
of the timer 138, the wireless resource management 
part 138 recognizes the base station of handover des- 
tination on the basis of information specifying the base 
station of the handover destination included in the 
handover request, and releases wireless resources kept 
in base stations otherthan the base station of the hando- 
ver destination. On the other hand, when the handover 
request is not input to the handover control part 1 41 by 
the time of the expiration of the timer 138, the wireless 
resource management part 1 38 releases every wireless 
resource which is reserved. 

[0048] As mentioned above, since the wireless re- 
source management part 139 releases the wireless re- 
sources when the timer 1 38 expires, the expiration time 
interval of the timer 138 is set to be longer than that of 
the timer 1 1 5 in the mobile station 1 1 0 such that it does 
not occur that handover is impossible since the wireless 
recourse is already released when the mobile station 
110 request handover. 

[0049] When the handover ends, the moved history 
detection part 134 outputs moving history of the mobile 
station 110 to the memory 137 and updates history of 



mobile station information stored in the memory 137, In 
the same way, the perch channel measurement result 
detection part 135 outputs measurement results of re- 
ceived power of perch channels from the base stations 

5 1 50-2 - 1 50-4 and updates the history of the mobile sta- 
tion information stored in the memory 137. 
[0050] If handover to other base station occurs or the 
communication is interrupted within a predetermined 
period after handover completed, it can not be said that 

10 it is proper handover. Therefore, in such a case, the 
moved history detection part 1 34 and the perch channel 
measurement detection part 135 do not output the 
moved history of the mobile station 110 and the meas- 
urement result of received powers of the perch channels 

15 from the base stations 1 50-2 - 1 50-4 such that the mo- 
bile station information stored in the memory is prevent- 
ed from being updated. 

[0051] Fig.5 is a flowchart indicating the operation of 
the mobile communication system at the time of hando- 

20 ver. In this flowchart, it is assumed that the received 
power of the perch channel from the base station 150-1 
of the communication partner does not fall below the 
handover threshold before the mobile station 110 re- 
ceives a handover destination candidate base station 

25 from the base station control apparatus 1 30. 

[0052] The handover standby operation request part 
114 in the mobile station 110 determines whether the 
received power Q of the perch channel from the base 
station 150-1 measured by the communication quality 

30 measuring part 112 falls below the handover standby 
threshold S H0P in step 101. When it falls below the 
handover standby threshold S HOP , the timer 115 is ac- 
tivated in step 1 02. Next, the ^handover standby opera- 
tion request part 114 sends a handover standby opera- 

35 tion request to the base station control apparatus 130 
In step 103. 

[0053] When the handover standby operation request 
detection part 132 in the base station control apparatus 
130 receives the handover standby operation request 

40 in step 104, the timer 138 is activated in step 105. 
[0054] After the handover standby operation request 
part 114 sends a handover standby operation request 
to the base station control apparatus 130 in step 103, 
the moved history notification part 1 1 6 in the mobile sta- 

45 tion 1 1 0 reads moved history (handover history or area 
residing history) of the mobile station 1 1 0 from the mem- 
ory 1 1 7, and sends the moved history to the base station 
control apparatus 130 in step 106. The moved history 
detection part 134 in the base station control apparatus 

so 1 30 receives the moved history of the mobile station 1 1 0 
in step 107. 

[0055] The perch channel received power measuring 
part 119 in the mobile station 110 receives the perch 
channels from the base stations 1 50-2 - 1 50-4 surround- 
55 ing the base station 1 50- 1 of the communication partner, 
measures the received powers in step 108, and sends 
the measurement result to the base station control ap- 
paratus 130 in step 109. , 
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[0056] The perch channel measurement detection 
part 135 in the base station control apparatus 130 re- 
ceives the measurement result of the received powers 
of the perch channels from the mobile stations 150-2 - 
150-4 in step 110. Next, the handover destination can- 
didate selection part 1 36 compares moved history of the 
mobile station 1 1 0 detected by the moved history detec- 
tion part 1 34 and the received powers of the perch chan- 
nels from the base stations 150-2 - 150-4 detected by 
the perch channel measurement detection part 135 
(mobile station information) with history of mobile station 
information of past successful handover so that the 
handover destination candidate base station is selected 
in step 111. 

[0057] The wireless resource management part 139 
keeps wireless resources in the handover destination 
candidate base station selected by the handover desti- 
nation candidate selection part 136 in step 112, and no- 
tifies the mobile station 1 1 0 of the handover destination 
candidate base station in step 113. 
[0058] The handover destination candidate base sta- 
tion detection part 1 20 in the mobile station 1 1 0 receives 
selection result of the handover destination candidate 
base station from the base station control apparatus 1 30 
in step 114. Next, the handover operation control part 
121 judges whether the timer 115 has expired in step 
115. When the timer 1 1 5 has expired, the handover op- 
eration is not performed. Instead, operations after the 
judgment whether the received power Q of the perch 
channel from the base station 150-1 falls below the 
handover standby threshold S H0P by the handover 
standby operation control part 114 (step 101) are re- 
peated. 

[0059] On the other hand, when the timer has not ex- 
pired, the handover operation control part 121 judges 
whether the received power Q of the perch channel from 
the base station 150-1 of the communication partner 
falls below the handover threshold S HO in step 116. 
When the received power Q of the perch channel from 
the base station 150-1 of the communication partner is 
not below the handoverthreshold S HO , operations after 
the judgment (step 115) whether the timer 115 has ex- 
pired by the handover operation control part 121 are re- 
peated. 

[0060] On the other hand, when the received power 
Q of the perch channel from the base station 150-1 of 
the communication partner falls below the handover 
threshold S HO , handover operation starts in step 117. 
[0061] The wireless resource management part 139 
of the base station control apparatus 130 judges wheth- 
er handover by the mobile station 110 ends in step 118. 
When handover by the mobile station 110 has not end- 
ed, the wireless resource management part 139 judges 
whether the timer 1 38 expires in step 119. When the tim- 
er has not expired, the operation after the judgment 
whether handover by the mobile station has ended (step 
11 8) is repeated. When the timer 1 38 expires, the wire- 
less resource management part 138 releases all wire- 



less resources which are kept in step 120. 
[0062] On the other hand, when it is judged that the 
handover by the mobile station 110 has ended in step 
118, the wireless resource management part 138 re- 
5 leases wireless resources kept in base stations other 
than the base station of the handover destination in step 
120. 

[0063] As mentioned above, in the mobile communi- 
cation system 100, when the received power of the 
10 perch channel from the base station 150-1 of the com- 
munication partner falls below the handover standby 
threshold, the mobile station 110 sends a handover 
standby operation request to the base station control ap- 
paratus 130 and sends moved history of the mobile sta- 
15 tion itself and received powers of the perch channels 
from the base stations 150-2 - 150-4 (mobile station 
information ). Then, the base station control apparatus 
130 compares the mobile station information with the 
history of mobile station information so as to select the 
handover destination candidate base station and noti- 
fies the mobile station 110 of the handover destination 
candidate base station. The mobile station 1 1 0 switches 
communication partnerto the handover destination can- 
didate base station when the received power of the 
perch channel from the base station 150-1 falls below 
the handover threshold. 

[0064] Therefore, it does not occur that handover is 
performed since the received power from the surround- 
ing base station 150-2 - 150-4 is larger than a predeter- 
mined value even when the received power of the perch 
channel from the base station 150-1 is large enough. 
Thus, unnecessary handover can be suppressed so that 
wireless resources can be used efficiently, and load of 
the mobile station 110 and the base station control ap- 
paratus 1 30 can be decreased. 
[0065] In addition, since the wireless resources of the 
base station of the handover destination can be kept be- 
fore handover is performed, it can be avoided that the 
base station rejects handover so that communication is 
disconnected forcefully. Thus, success ratio of hando- 
ver can be increased. i 
[0066] In the above mentioned embodiments, the 
base station forms a cell as the communication area. 
However, it can be considered that the base station 
forms a plurality of sectors to which the cell is divided. 
In this case, an apparatus (transmit/receive apparatus) 
which has at least a directional antenna in a plurality of 
directional antennas provided in a base station for form- 
ing the sectors corresponds to the communication ap- 
paratus. In other words, a base station includes a plu- 
rality of transmit/receive apparatuses, and each trans- 
mit/receive apparatus forms the sector. 
[0067] Also in this case, control same as that in the 
above-mentioned embodiments is performed. That is, 
when the received power of the perch channel from the 
transmit/receive apparatus of the communication part- 
ner falls below the handover standby threshold, the mo- 
bile station sends the handover standby operation re- 
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quest to the base station control apparatus 130 and 
sends moved history of the mobile station itself and re- 
ceived powers of the perch channels from the surround- 
ing transmit/receive apparatuses (mobile station 
information ). Then, the base station control apparatus 
compares the mobile station information with the history 
of mobile station information so as to select the hando- 
ver destination candidate transmit/receive apparatus 
and notifies the mobile station of the handover destina- 
tion candidate transmit/receive apparatus. The mobile 
station switches communication partner to the handover 
destination candidate transmit/receive apparatus when 
the received power of the perch channel from the trans- 
mit/receive apparatus of the communication partner 
falls below the handover threshold. The history of the 
mobile station information held in the communication 
control apparatus is held for each combination of a 
transmit/receive apparatus of handover origination and 
a transmit/receive apparatus of handover destination. 
[0068] As mentioned above, according to the present 
invention, it does not occur that handover is performed 
since the received power from the surrounding base sta- 
tion is larger than a predetermined value even when the 
received power of the perch channel from the base sta- 
tion is large enough. Thus, unnecessary handover can 
be suppressed so that wireless resources can be used 
efficiently, and load of the mobile station and the base 
station control apparatus can be decreased. 
[0069] In addition, since the wireless resources of the 
base station of the handover destination can be kept be- 
fore handover is performed, it can be avoided that the 
base station rejects handover so that communication is 
disconnected forcefully. Thus, success ratio of hando- 
ver can be increased. 

[0070] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the invention. 



Claims 

1. A handover control method used in a mobile com- 
munication system which includes communication 
apparatuses having functions of base stations, a 
mobile station and a communication control appa- 
ratus which controls connections between said 
communication apparatuses and said mobile sta- 
tion, said handover control method characterized 
by the steps of: 

said mobile station switching a communication 
apparatus of a communication partner to anoth- 
er communication apparatus when a communi- 
cation quality value between said communica- 
tion apparatus of said communication partner 
and said mobile station falls below a first 
threshold which is better than a limitation value 



by which communication is available; 
wherein said communication control apparatus 
selects at least a handover destination candi- 
date communication apparatus from among 

5 communication apparatuses surrounding said 

communication apparatus of said communica- 
tion partner when said communication quality 
value falls below a second threshold which is 
better than said first threshold; and 

10 said communication control apparatus keeps 

wireless resources of said at least a handover 
destination candidate communication appara- 
tus which is selected. 

15 2. The handover control method as claimed in claim 
1 , comprising the steps of: 

said communication control apparatus notifying 
said mobile station of a handover destination 
20 candidate communication apparatus for which 

wireless resources are kept in said at least a 
handover destination candidate communica- 
tion apparatus; and 

said mobile station switching said communica- 
25 tion apparatus of said communication partner 

to said handover destination candidate com- 
munication apparatus which is notified by said 
communication control apparatus when said 
communication quality value falls below said 
30 first threshold. 

3. The handover control method as claimed in claim 
1 , comprising the steps of: 

35 said mobile station judging whether said com- 

munication quality value falls below said sec- 
ond threshold, and sending a request for select- 
ing said at least a handover destination candi- 
date communication apparatus to said commu- 

^0 nication control apparatus when said commu- 

nication quality value falls below said second 
threshold. 

4. The handover control method as claimed in claim 
^5 1 1 comprising the steps of: 

when said communication control apparatus 
selects a plurality of handover destination can- 
didate communication apparatuses, said com- 

50 munication control apparatus determining pri- 

orities of said plurality of handover destination 
candidate communication apparatuses; 
said communication control apparatus notifying 
said mobile station^of handover destination 

55 candidate communication apparatuses in said 

plurality of handover destination candidate 
communication apparatuses for which wireless 
resources are kept and corresponding priori- 
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ties; 

said mobile station switching said communica- 
tion apparatus of said communication partner 
to one of said notified handover destination 
candidate communication apparatuses accord- 5 
ing to said priorities. 

5. The handover control method as claimed in claim 
1 , comprising the steps of: 

10 

said mobile station sending mobile station in- 
formation to said communication control appa- 
ratus, said mobile station information including 
a history of movement of said mobile station 
and received powers of perch channels from '5 
communication apparatuses surrounding said 
communication apparatus of said communica- 
tion partner; 

said communication control apparatus having 
a history of mobile station information, said his- 20 
tory of mobile station information including a 
history of movement of said mobile station and 
received powers of perch channels from com- 
munication apparatuses surrounding said com- 
munication apparatus of said communication 25 
partner for past successful handover; and 
said communication control apparatus select- 
ing said at least a handover destination candi- 
date communication apparatus according to 
said mobile station information sent from said 30 
mobile station and said history of mobile station 
information for past successful handover. 

6. The handover control method as claimed in claim 

5, comprising the steps of: 35 

when said communication control apparatus 
selects a plurality of handover destination can- 
didate communication apparatuses, said com- 
munication control apparatus determining pri- *o 
orities of said plurality of handover destination 
candidate communication apparatuses accord- 
ing to said mobile station information sent from 
said mobile station and said history of mobile 
station information for past successful hando- *5 
ver. 

7. The handover control method as claimed in claim 
5, comprising the steps of: 

so 

said communication control apparatus holding 
said history of mobile station information for all 
communication apparatuses controlled by said 
communication control apparatus. 

55 

8. The handover control method as claimed in claim 
5, comprising the steps of: 



said communication control apparatus holding 
said history of mobile station information by 
each combination of a communication appara- 
tus of handover origination and a communica- 
tion apparatus of handover destination. 

9. The handover control method as claimed in claim 

8, comprising the steps of: 

said communication control apparatus select- 
ing a communication apparatus of handover 
destination corresponding to history data in 
said history of mobile station information in 
which a correlation value between said history 
data and said mobile station information sent 
from said mobile station is equal to or larger 
than a predetermined value. 

10. The handover control method as claimed in claim 

9, comprising the steps of: 

when said communication control apparatus 
selects a plurality of handover destination can- 
didate communication apparatuses, said com- 
munication control apparatus determining pri- 
orities of said plurality of handover destination 
candidate communication apparatuses accord- 
ing to said correlation value. 

1 1 . A mobile station in a mobile communication system 
which includes communication apparatuses having 
functions of base stations, said mobile station com- 
municating with a communication apparatus of a 
communication partner, said mobile station charac- 
terized by: 

a handover control part for switching said com- 
munication apparatus of said communication 
partner to another communication apparatus 
when a communication quality value between 
said communication apparatus of said commu- 
nication partner and : said mobile station falls 
below a first threshold which is betterthan a lim- 
itation value by which communication is avail- 
able. 

12. A communication control apparatus in a mobile 
communication system which includes communica- 
tion apparatuses having functions of base stations, 
a mobile station and said communication control 
apparatus which controls connections between 
said communication apparatuses and said mobile 
station, said communication control apparatus 
characterized by: 

a part for allowing said mobile station to switch 
a communication apparatus of a communica- 
tion partner to another communication appara- 
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tus when a communication quality value be- 
tween said communication apparatus of said 
communication partner and said mobile station 
falls below a first threshold which is better than 
a limitation value by which communication is 5 
available. 

13. The communication control apparatus as claimed 
in claim 12, said communication control apparatus 
comprising: M> 

a part for selecting at least a handover destina- 
tion candidate communication apparatus from 
among communication apparatuses surround- 
ing said communication apparatus of said com- 15 
munication partner when said communication 
quality value falls below a second threshold 
which is better than said first threshold; 
a part for keeping wireless resources of said at 
least a handover destination candidate com- 20 
munication apparatus which is selected; and 
a part for notifying said mobile station of a 
handover destination candidate communica- 
tion apparatus for which wireless resources are 
kept in said at least a handover destination can- 25 
didate communication apparatus. 
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